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1 Book reviews 
Polynomial Algorithms in Computer 
Algebra 
F. Winkler 
Texts and Monographs in Symbolic Computation 
Eds.: B. Buchberger, G.E. Collins 
Springer Wien, 1996, 270 pages, ISBN 3-211- 
82759-5, Softcover DM 89 
The book describes polynomial algorithms in 
computer algebra, i.e.: algorithms on polynomials 
that run in polynomial time. Basically, computer 
algebra deals with the exact manipulation of al- 
gebraic formulas. Because the computation of an 
exact symbolic solution can be prohibitively ex- 
pensive, the investigation of polynomial-time al- 
gorithms helps to determine the applications and 
limitations of computer algebra. 
The reader should have some familiarity with ba- 
sic algebra concepts, though the preliminaries are 
briefly defined in the introduction. In this first 
chapter, a sample session with the program sys- 
tem Maple is listed. It is a pity though that fur- 
ther in the book no results of computer experi- 
ments are mentioned. 
The book consists of eleven chapters: 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
Introduction. 
Arithmetic in basic domains. 
Computing by homomorphic images. 
Greatest common divisors of polynomials. 
Factorization of polynomials. 
Decomposition of polynomials. 
Linear algebra - solving linear systems. 
The method of Gro’bner bases. 
Quantifier elimination in real closed fields. 
10. Indefinite summation. 
11. Parametrization of algebraic curves. 
At the end of each chapter some exercises are 
listed. Each chapter concludes with a short para- 
graph containing bibliographic notes. At the end 
of the book, solutions of selected exercises are pre- 
sented. This should help self-study. 
The material is presented in a concise way. There 
are lots of motivating examples. The algorithms 
are worked out to a sufficiently detailed level. As 
suggested by the title, the complexity of the pre- 
sented algorithms is investigated as well. 
The standard reference in this field remains to my 
opinion undoubtedly the textbook ‘Algorithms 
for Computer Algebra’, written by Keith 0. Ged- 
des, Stephen R. Czapor and George Labahn. 
While this book is more exhaustive and detailed, 
for students it might be too overwhelming to di- 
gest, especially in an introductory course. Still, 
compared to the above mentioned textbook, the 
material covered in the last three chapters of the 
monograph of Winkler is not treated as explicitly 
therein. 
The book presents the notes used by the author in 
his computer algebra courses. While being con- 
cise, the book offers an excellent introduction and 
overview of computer algebra. It is of great in- 
terest to teachers and students. 
J. Verschelde 
Combinatorial Convexity and Algebraic 
Geometry 
Giinter Ewald 
Springer-Verlag, 1996, Graduate Texts in Math- 
ematics, Vol. 168, Eds.: S. Axler, F.W. Gehring, 
P.R. Halmos, 372 pages, ISBN O-387-94755-8, 
Hardcover DM 94 
One of the most fascinating results discovered in 
the late seventies is Bernshtein’s theorem: the 
number of isolated solutions of a polynomial sys- 
tem is in general equal to the mixed volume of 
the tuple of Newton polytopes associated with the 
system. This famous theorem links combinatorial 
convexity, where mixed volumes occupy a central 
role, and algebraic geometry, which concerns the 
study of solution sets of polynomial systems. 
The first part of the book has a key chap- 
ter on mixed volumes. Therein mixed volumes 
are treated thoroughly, with complete and self- 
contained proofs of the main theorems. The au- 
thor also provides geometric interpretations of 
mixed volumes, which are not so obvious to un- 
derstand as ordinary volumes. In the second part, 
Bernshtein’s theorem is proved using proper con- 
cepts from algebraic geometry, so that we can in- 
deed consider mixed volumes as intersection num- 
bers. 
The book consists of eight chapters: 
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Part 1: Combinatorial Convexity 
1. Convex bodies 
2. Combinatorial theory of polytopes and 
polyhedral sets 
3. Polyhedral spheres 
4. Minkowski sum and mixed volume 
5. Lattice polytopes and fans 
Part 2: Algebraic Geometry 
6. Toric varieties 
7. Sheaves and projective toric varieties 
8. Cohomology of toric varieties 
At the end of every section some exercises are 
listed. Historical citations and references to the 
literature are deferred to the end of the book, so 
that the reader is not overwhelmed or frustrated 
by a great amount of research results. 
The book provides a thorough introduction to 
combinatorial geometry and to toric varieties. A 
shorter course on algebraic geometry may start 
immediately at part two, using the first part as 
reference material. So the book is of great interest 
for teachers and students in courses in combina- 
torial convexity and algebraic geometry. 
In recent years two other related textbooks ap- 
peared. As introduction to polytopes there is 
“Le&res on polytopes” by G. Ziegler (Springer 
1995, Graduate Texts in Mathematics 152) and 
for the algebraic-geometry part, we should men- 
tion the book “Introduction to to& varieties” by 
W. Fulton (Princeton UP 1993, Annals of Math- 
ematics Studies 131). Whereas the first book is 
focused on polytopes and does not give an ex- 
tensive treatment on mixed volumes, the latter 
one has not the same clarity in separating con- 
cepts from combinatorial convexity and algebraic 
geometry. 
As general conclusion, I must say that this book 
is an excellent addition to the literature of this 
fascinating research field. 
J. Verschelde 
Symbolic Integration I: Transcendental 
Functions 
M. Bronstein 
Algorithms and Computation in Mathematics, 
Vol. 1, Springer Berlin, 1997, ISBN 3-540-60521- 
5, 299 pages, Hardcover DM 78 
This book considers the symbolic indefinite inte- 
gration of transcendental functions. The author 
shows that computing symbolic antiderivatives is 
in fact an algorithmic process, and that the in- 
tegration procedure for transcendental functions 
can be carried out be anyone with some familiar- 
ity with polynomial arithmetic. The algorithmic 
details are presented in pseudo-code and are il- 
lustrated by many examples. The mathematics 
behind these algorithms is explained very care- 
fully. In fact, this book is an excellent blend of 
mathematics and algorithms. 
In Chapter 1 the author reviews some algebraic 
preliminaries: the Euclidean Algorithm, resul- 
tants and subresultants, polynomial remainder 
sequences, primitive polynomials and squarefree 
factorization. 
Chapter 2 deals with the integration of rational 
functions. This case is important because the al- 
gorithms for integrating more complicated func- 
tions are essentially generalizations of the tech- 
niques used for rational functions. The author 
discusses the algorithms of Bernoulli, Horowitz- 
Ostrogradsky, Rothstein-Trager, Lazard-Rioboo- 
Trager and Czichowski. 
In Chapter 3 (Differential Fields) and Chapter 4 
(The Order Function) the author presents the 
main tools with which the integration algorithms 
can be presented and proved to be correct. The 
notion of derivation is presented in a pure alge- 
braic setting (without using the notions of “func- 
tion” or “limit” from analysis) and the properties 
of such formal derivations on arbitrary objects are 
studied. 
Having developed the required machinery in the 
previous chapters, the author is now ready to de- 
scribe the integration algorithm. In Chapter 5, 
the integration problem is defined formally in an 
algebraic setting, the main theorem of symbolic 
integration (Liouville’s Theorem) is proved, and 
the main part of the integration algorithm is de- 
scribed. 
An important problem related to symbolic inte- 
gration is the solution of Risch differential equa- 
tions, i.e., given a differential field (K, D) of char- 
acteristic 0 (such as (R(a), 6) where R(z) de- 
notes the field of rational functions in x having 
real coefficients) and f, g E K, decide whether 
the equation Dy + fy = g has a solution in K, 
and find one if there are some. Chapters 6-9 con- 
